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to ©round, any amount of angular momentum can toe 
removed from the stabilized platform. 
"What is claimed -is: i 

L A spatially unrestricted roxce-f^bdback device, com- 
posing: 
a body; 

gyroscopic means connected 
merttal reference to stabili: 
' spatial dimension; - 
a user-interactable mcrnber 



force-feedback: means co 
user of the device to 
relative to the gyros 
2. The device of 
member is a joystick. 

3- The device of c3 
member includes a ban 

, 4, The device of 
member is a steering 



5. The device of 
member is a device 
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a computer sy. 
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within tSe 
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the body to provide an. " 
the body in at least one 

T 1 

onnected to the body; and 
_ to the member, enabling a 
tence the feedback of forces 
[cally stabilized body, 
wherein the user-interactable 

L, wherein the user-interactable 

l ly wherein the user-interactable 

& - 

1, wherein the user-interactable 
i dated with the simulation of a sport. 
1, further including; 
_ modeling a virtual environment 
more virtual objects; and wherein 
member is in electrical cammunica- 
kmputer system to generate farces on the 
ction of an activity involving an object 
_al environment. 

claim 1, wherein the gyroscopic means 
;ntum wheels and wherein a torque is 
member through accelerating and deceler- 
Yclocity -of the wheel, 
of rfairri 7, including three momentum 



wheels to stabilize the body in thxec dimensions. 

9, The device of claim 1, wherein the gyroscopic means 
talces the fapn of a reaction sphere operative to produce 
arbitrary reaction torques about three linearly independent 
axes of the/body. ' 

10. The&evice of claim 1, further including an angular 
position n^easuring device to determine the state of the body 

in space, I ■ . . , 

XL Th£ device of 10 > wherein the angular position 



device is a potentiometer, 

device of claim 10, wherein the angular position , 
g device as an encoder. 

ic device of claim 1, further including an angular ^ 
measuring device to determine the state of the 
>pic means. 

_he device of claim 13, wherein the angular velocity 
luring device is a tachometer. , 1 
j£. The device of claim 13, wherein the state of the 
ascopic means is determined by numerically differcnti- 
g the angular position of the body. 

The device of claim 1, further mcLuding an active 
p ntrol system to provide device stability. 
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T7. A spatially unrostxictcd force-feedback d& 
prising: ' X 
a body; / . 

.my active control system to stabilize me booy in space; 
three xotatable reaction wheels coupled m tbe body; 
means fox deterrmmngthe angular^ el oafty of each wheel; 
an angular position measuring device to determine the 

state.of.tno body in, the space; / 
a user-interactabie member connected to the body; and 
• force -feedback means using the angular "velocity and 
position of the- body as inputp to produce torque on the r 
' member about ary axes through the coordi- 

nated acceleration and deceleration of the angular 
velocity of each wheel. J . 
18. The device of claim IX wherein the angular position 
measuring device , is an inemal measuring unit. 

15>. The device of ciairnA.7, wherein the angular velocity 
measuring device uses numerical differentiation to deter- 
mine the angular positicp of the body. • 

20. A meuiQfi^Bf g'en&ating a spatially unrestricted haptic 
ag pxc steps of: 

n space having a u ser-in tcxactable 
^device; 

pe body in one or more dimensions; 
rtual environment modeiiag one or more 
:s; and 

mc u Ber-interactable force-feedback device to 
[environment, enabling the user to experience 
^presentative of an activity within the virtual 
ent involving one or more of the objects, 
hod of claim 20, further including the step of: 
/and continually removing angular momentum 
the body so as to maximize the effect on a user, 
method of claim 20, f urther inclu ding; the steps of; 
Sing an input disturbance on the body; 
izing the body through a pole placement, with- the 
^cation of the poles being determined through optimal 
• Control theory; and 

canceling out the disturbance inputs to produce a desired 
/torque output immune to the input disturbance. 
A3. The method' of claim 20, further m eluding the step of: 
/receiving an external force generated through a. remote 
/ physical device; and 

' producing a scaled representation of the force received 
relative to a point on the physical device. 
24. The method of claim 23, wherein the scaled rcpre- 
' sentation is such that the maximum force applicable to the 
physical device is mapped' into the maximum, force which 
the device is capable of producing. , 
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25. A spatially unrestricted force- feedback device, comprising: 
a body; 

a plurality of motors, each of said motors capable of imparting an inertial force 
about an associated axis of rotation and each of said motors connected to said body to 
provide computer controllable tactile sensations on said body about said associated 
axis; 

a user-interactable member connected to said body, wherein said user- 
interactable member is in communication with a host computer system modeling a 
simulated environment including one or more simulated objects, said host computer 
system commanding said tactile sensations on said body as a function of a simulated 
activity involving at least one object within said simulated environment; and 



a computer mediated controller electrically connected to said motors and in 
communication with said host computer system, said controller receiving signals from 
said host computer system and simultaneously controlling each of said motors in 
response such that said motors produce said inertial forces about said axes, and said 
U controller sending data to said host computer system, said data responsive to user 

a manipulation of said user-interactable member. 

□ 

ru 

26. A spatially unrestricted force-feedback device as described in claim 25, 
p wherein said computer mediated controller decodes commands received from said 

host computer system. 

27. A spatially unrestricted force-feedback device as described in claim 25, 
wherein said computer mediated controller decodes commands received on a serial 
communication bus. 

28. A spatially unrestricted force-feedback device as described in claim 25, 
wherein said user-interactable member is a joystick. 

29. A spatially unrestricted force-feedback device as described in claim 25, 
wherein said user-interactable member is a steering wheel. 

30. A spatially unrestricted force-feedback device as described in claim 25, 
wherein said user-interactable member is associated with the simulation of a sport. 

31. A spatially unrestricted force-feedback device as described in claim 25, 
wherein said computer mediated controller includes a processor that runs motor 
control code stored in Read-Only memory. 



32. A spatially unrestricted force-feedback device as described in claim 25, 
wherein at least a portion of said computer controllable inertial forces stabilize said 
body in at least one spatial dimension to counteract undesired torques produced by at 
least one of said motors. 

33. A spatially unrestricted force-feedback device as described in claim 25, 
wherein said computer controllable inertial forces stabilize said body in at least one 
spatial dimension. 
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25. A spatially unrestricted force-feedback device, comprising: 
a body; 

a plurality of motors, each of said motors capable of imparting an inertial force 
about an associated axis of rotation and each of said motors connected to said body to 
provide computer controllable tactile sensations on said body about said associated 
axis; 

a user-interactable member connected to said body, wherein said user- 
interactable member is in communication with a host computer system modeling a 
simulated environment including one or more simulated objects, said host computer 
system commanding said tactile sensations on said body as a function of a simulated 
activity involving at least one object within said simulated environment; and 

a computer mediated controller electrically connected to said motors and in 
communication with said host computer system, said controller receiving signals from 
said host computer system and simultaneously controlling each of said motors in 
response such that said motors produce said inertial forces about said axes, and said 
controller sending data to said host computer system, said data responsive to user 
manipulation of said user-interactable member. 

26. A spatially unrestricted force-feedback device as described in claim 25, 
wherein said computer mediated controller decodes commands received from said 
host computer system. 

27. A spatially unrestricted force- feedback device as described in claim 25, 
wherein said computer mediated controller decodes commands received on a serial 
communication bus. 

28. A spatially unrestricted force-feedback device as described in claim 25, 
wherein said user-interactable member is a joystick. 

29. A spatially unrestricted force-feedback device as described in claim 25, 
wherein said user-interactable member is a steering wheel. 

30. A spatially unrestricted force- feedback device as described in claim 25, 
wherein said user-interactable member is associated with the simulation of a sport. 

31. A spatially unrestricted force- feedback device as described in claim 25, 
wherein said computer mediated controller includes a processor that runs motor 
control code stored in Read-Only memory. 
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32. A spatially unrestricted force-feedback device as described in claim 25, 
wherein at least a portion of said computer controllable inertial forces stabilize said 
body in at least one spatial dimension to counteract undesired torques produced by at 
least one of said motors. 

33. A spatially unrestricted force-feedback device as described in claim 25, 
wherein said computer controllable inertial forces stabilize said body in at least one 
spatial dimension. 
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